Objectives: Benzodiazepine (BZD) use is common in patients who are engaged in methadone as a treatment for opioid use disorder. BZD prescribing is generally discouraged for this patient population due to the increased risk of BZD dependence and BZD use disorder, medication-assisted treatment (MAT) discontinuation, and opioidoverdose death. However, some patients have concurrent mental health disorders, where BZD use may be clinically indicated. This study evaluates the impact of prescribed BZD on MAT outcomes.
It is common for patients who are receiving MAT to use other prescribed or nonprescribed substances while in treatment (Nielsen, 2007; Roux et al., 2016) , and for this reason, frequent urine screening is performed in concert with MAT administration. One such substance that is often screened for is benzodiazepines (BZDs)-a pharmaceutical class that is used by as many as 66% of patients on MAT (Nielsen, 2007) . BZD class molecules (eg, diazepam, clonazepam, lorazepam) act on the GABAergic system and are respiratory depressants. BZDs generally provide sedative-like effects and have a high potential for abuse and dependence (Nutt and Malizia, 2001 ). Due to compounding respiratory depressant actions, BZD use during MAT drastically increases patients' risk of overdoserelated death (Gomes et al., 2014) . Approximately 60% of opioid-related overdose deaths in Ontario involve BZD (Dhalla et al., 2009) . However, when managed in a controlled treatment setting, the available evidence suggests patients may benefit from BZD maintenance with little risk of increased mortality (Bakker and Streel, 2017) .
Benzodiazepines are indicated to manage acute behavioral symptoms such as anxiety, depression, and insomnia (Brands et al., 2000) . Due to the abuse potential of BZDs, clinical guidelines generally advocate for short-term BZD prescribing. Long-term prescribed BZD use among a minority of MAT patients with mental health issues may have therapeutic potential. The evidence suggests that BZD use during MAT has a negative impact on treatment outcomes (Brands et al., 2008; Franklyn et al., 2017) ; however, an important caveat to these studies is whether patients were using prescribed or nonprescribed BZD. It is not yet clear whether prescribed BZD use during MAT can improve outcomes for patients with co-occurring mental health disorders, where BZD may be clinically indicated.
In this study, we evaluate the impact of prescribed versus nonprescribed BZD use during MAT in patients with OUD, using 1-year treatment retention as a primary outcome.
METHODS

Clinical Context
In the province of Ontario, MAT for OUD is regulated by formal treatment guidelines established by the provincial medical licensing body, the College of Physicians and Surgeons of Ontario (CPSO) (CPSO, 2011), which set out expectations with respect to physician practice and are enforced through peer audits. For patients initiating MAT, daily observed dosing and regular (scheduled) pointof-care urine screening occurs at a clinic, physician office, or pharmacy. Urine screening is typically conducted using point-of-care test strips, and gas chromatography is not commonly used, and the frequency of screening is generally 2 screens per week. Contingency management is part of the treatment strategy, and as a patient is stabilized on an effective dose of methadone, physicians can increase the number of carried doses as a positive reinforcement tool for abstinence from nonprescribed substance use, including BZD. At the physician's discretion, and in alignment with the CPSO methadone practice guidelines, a stabilized patient can progress from 1 take-home dose to a maximum of 6 take-home doses per week over approximately 6 months of sustained psychosocial stability.
The authors believe the study cohort to be representative of patients with OUD in the province of Ontario, Canada. While it was not possible to link specific mental health diagnosis in the study design, other studies our group has conducted estimated that approximately 90% of the patients with OUD in Ontario have a co-occurring mental illness (unpublished data).
Variability of practice within the guidelines is possible, but limited, and treatment was almost exclusively in the outpatient setting at clinical sites focused on MAT for patients with OUD. All treatment records were obtained from the Ontario Addiction Treatment Centers (OATCs) network of clinics. Further consistency within the dataset arises from standardized policies and operating procedures within the clinic network, which limit the likelihood of variability of treatment. To maintain consistency, patients are typically seen by the same physician throughout the course of their treatment.
Cohort Definition
We conducted a retrospective cohort study of patients initiating MAT across a 52-site outpatient OUD clinic network between January 1, 2006 and June 30, 2012 (with 1-year follow-up to June 30, 2013) in the province of Ontario. While all patients started on methadone, we did include patients who transitioned to buprenorphine over the course of treatment. In Ontario, buprenorphine/naloxone was not widely available during the study window (it has recently become more widely available); thus patients initiating treatment on buprenorphine were excluded because of the small number of such treatment episodes within the timeframe studied. All patients were at least 10 years or older (to exclude data entry errors for newborns; patients <18 years of age accounted for <1% of cohort), and were eligible for public drug coverage through the Ontario Drug Benefit (ODB) plan. We excluded patients with missing information regarding place of residence, age, or sex. All patients were followed from their date of MAT initiation to the date of treatment discontinuation (patient did not receive a prescribed dose of methadone or buprenorphine within 30 days of their last methadone or buprenorphine prescribed dose), death, 1-year follow-up, or end of the study period (June 30, 2013) . It is important to note that the majority of MAT patients in Ontario qualify for ODB drug coverage; however, patients with ensured health benefits are not captured in the ODB dataset. We estimate that approximately 85% of Ontario's MAT population is captured using ODB database (unpublished data).
Data Sources
The dataset used for this study was derived from linking electronic medical records from a group of 52 addiction treatment centers across the province of Ontario-the OATCs-to the core data holdings at the Institute for Clinical and Evaluative Sciences (ICES). ICES is a prescribed entity with housed anonymized and linked record level administrative health data for Ontario's single-payer health system. The ODB database was used to identify all patients initiating MAT, and to determine their past medication use. The ODB database contains detailed records of all prescriptions dispensed to Ontario residents eligible for public drug coverage. In Ontario, residents are eligible for public drug coverage if they are aged 65 or older, reside in a long-term care facility, are disabled, are receiving social benefits for income support, or have high prescription drug costs relative to their net household income. Emergency department visits were identified using the Canadian Institute for Health Information (CIHI) National Ambulatory Care Reporting System, and hospital admissions were identified using the CIHI Discharge Abstract Database. All diagnosis information from physician visits was determined using billing data from the Ontario Health Insurance Plan (OHIP) database (OHIP covers physician services for all permanent residents of Ontario). We obtained patient location of residence and demographic information from the Ontario Registered Persons Database, which contains a unique entry for each resident who has ever received insured health services. Patient information was linked anonymously across databases using encrypted 10-digit health card numbers. These datasets were linked using unique encoded identifiers and analyzed at the Institute for Clinical Evaluative Sciences (ICES). The linking protocol has been described extensively elsewhere (Levy et al., 2003; Hall et al., 2006) , and is used routinely for health system research in Ontario (Mamdani et al., 2003; Juurlink, 2009; Juurlink et al., 2009 ).
BZD Use
Based on scheduled bi-weekly urine drug screening and physician prescriptions through OHIP, we categorized patients into 4 groups based on whether the patient received a BZD prescription (BZD þ/À) after initiating MAT, within the study window, and whether the patient screened positive for BZD use (urine drug screening data [UDS] þ/À). We chose an a priori definition of !30% of positive BZD urine screens to attribute a patient to the UDSþ group. A definition of >30% was chosen to reflect use patterns which account for a material number of positive BZD urine drug screens. Urine toxicology screening was performed via an enzyme immunoassay, which has the ability to detect BZD in the urine (Handford et al., 2011) . Standardized urine test strips were used across the clinic network, and gas chromatographic mass spectroscopy testing was not used. The detection period and sensitivity differs for each BZD, ranging from a few hours to several days (Handford et al., 2011) .
Definition of Treatment Retention
All patients were followed for at least 1 year, to a maximum follow-up date of June 17, 2013. Continuous MAT was assessed on the basis of a prescription refill within 30 days of the previous prescription. We defined a patient as having been retained in treatment if they completed at least 1 year of continuous and uninterrupted MAT. In the event that a patient transitioned to a non-OATC clinic, was incarcerated, hospitalized, or was otherwise prevented from refilling their prescription for 30 consecutive days, they were considered to have dropped out of treatment. However, if the patient continued treatment elsewhere, it is possible for the patient to be classified as having ended treatment, thereby artificially inflating the rate of attrition. For the purpose of treatment retention analysis, patient's treatment retention and urine drug screening in MAT was followed for up to 1 year after entry in MAT so long as the patient was retained in treatment at the clinic network being studied.
Statistical Analysis
Descriptive statistics were summarized for baseline characteristics of patients, and standardized differences were used to compare patients in the various BZD use groups. For the purpose of this study, only a patient's first treatment episode was considered. For the primary analysis, logistic regression analysis was used to characterize the time to treatment discontinuation across the 4 patient groups. Statistical analysis was performed using SAS Enterprise Guide 7.1.
Ethics Review
This study was approved by the Research Ethics Boards of Laurentian University, Sudbury, Ontario and Sunnybrook Hospital, Toronto, Ontario.
RESULTS
Patient Demographic
We identified 3692 patients who initiated MAT for OUD across a network of 52 clinics in the province of Ontario, Canada, between January 1, 2006 and June 30, 2012. Across the BZD use groups, the BZDþ/UDSþ group were older (median 38 years), more likely to be in the lowest income quintile, and had more frequent interaction with primary health care, mental health care, and emergency department visits, medical comorbidities, and diagnosis for a depression or anxiety related disorder (Table 1 ). All groups had clinically similar MAT methadone peak dose of >60 mg.
Prevalence of BZD Use
The majority of patients in the cohort did not receive a BZD prescription, nor did they have positive BZD urine drug screens >30% the time during their treatment episode (BZDÀ/ UDSÀ; 76%; 2801/3692). Approximately 13% (BZDþ/ UDSÀ; 12%; 464/3692) of patients received a BZD prescription, yet had fewer than 30% of their urine screens test positive for BZD over their treatment window. Six per cent (BZDÀ/ UDSþ; 6%; 219/3692) of patients screened positive for BZD in greater than 30% of their urine screens during treatment while not having a prescription for BZD. A minority of patients (BZDþ/UDSþ; 6%; 208/3692) had a prescription for BZD and had greater than 30% BZD urine drug screens.
Treatment Retention
Logistic regression demonstrated that the BZDÀ/ UDSþ group had 2-fold greater likelihood of discontinuing MAT (adjusted odds ratio [aOR] 0.38, 95% confidence interval [CI] 0.27-0.53) as compared with the BZDÀ/UDSÀ group. Other BZD use groups were not statistically different than the BZDÀ/UDSÀ group with respect to treatment retention (Table 2) . A Kaplan-Meier analysis demonstrates probability of 1-year treatment retention across all groups (Fig. 1) .
As a secondary outcome, we used data from the provincial Discharge Abstract Database to assess likelihood of death during the study window; however, death (overdose or otherwise) was an uncommon outcome (<1%) and therefore could not be reliably assessed across groups.
For regression analysis, covariates for adjusted regression models included patient sex, clinic location, use of Telehealth services, methadone dose, diagnosis of a mood/ anxiety disorder in the year before initiation of MAT, and number of general practitioner physician visits in the year before initiation of MAT. Other variables considered were age, number of acute admissions, number of psychiatric admissions, number of ED visits, and number of psychiatric office visits in the year before initiation of MAT.
DISCUSSION
This study addresses an important clinical question in addiction medicine: Does concurrent prescribed BZD use during MAT impact treatment retention? The current literature reveals mixed findings on the impact of BZD use on MAT retention (Kellogg et al., 2006; Schiff et al., 2007; Brands et al., 2008; Specka et al., 2011) , and few, if any, studies have resolved the impact of prescribed versus nonprescribed BZD use during MAT. A recent study from our group revealed that both baseline and heavy BZD use increased a patients likelihood of discontinuing MAT (Franklyn et al., 2017) ; however, this study was limited in that we were unable to resolve the difference in prescribed versus nonprescribed BZD use in the study design. In the present study, we linked clinical data from 3.1 (6.4) 2.1 (4.6) 1.8 (4.6)
5.6 (7.8) 3.9 (7.4) 3.4 (5.4) 2.3 (3.8) MAT clinics (including urine toxicology) to Ontario's provincial prescription records in a single-payer healthcare system to address the question of the impact of prescribed BZD use on patients engaged in MAT. We chose >30% of urine drug screens as a cut-off to allow distinction between patients who regularly use BZD versus patients who may have a BZD prescription, but only use as needed. Thus, heavy BZD use patients would be classified as BZDþ/UDSþ and patients with intermittent or as needed BZD use would be classified as BZDþ/UDSÀ. It is also possible patients with a BZD prescription who diverted their BZD prescription would be classified as BZDþ/UDSÀ. Similarly, if a patient receives only a short script for BZD once, but then has >30% urines BZD-positive, then would be classified as BZDþ/USDþ; however, the patient may more appropriately be classified as a BZDÀ/UDSþ patient. Our results clearly demonstrate that patients who are prescribed BZD during MAT (BZDþ/UDSþ or BZDþ/ UDSÀ) have similar treatment retention to those patients who are not (BZDÀ/UDSÀ). As expected, BZDþ/UDSþ patients had the greatest health system usage for emergency department visits, hospitalizations, and mental health hospitalizations; yet this group's treatment retention was clinically similar to the BZDÀ/UDSÀ reference group. However, patients with nonprescribed BZD use (BZDÀ/UDSþ) have more than twice the likelihood of MAT discontinuation. It should also be noted that patients prescribed benzodiazepines, but without regularly positive urines (BZDþ/UDSÀ), might have taken the medication only for a short period of time, might not have taken their BZD, or may divert their medication for sale to others. Thus, our data address an important gap in the addiction literature which supports the notion that patients who may benefit from prescribed BZD use are not necessarily more likely to discontinue treatment. While we did not observe many deaths in the study window, physicians and patients should be acutely aware of the dangers of coprescribing BZD to patients with OUD, given the increased risk of overdose and death (Brands et al., 2008) , particularly as the availability of synthetic opioids, including fentanyl, has increased dramatically. Moreover, we also advocate, that if patients are going to use BZD during MAT that education about the risks of overdose (including the prescription of accompanying naloxone kit) be provided to the patient (Gladden et al., 2016) .
Using a large clinical dataset linked with provincial administrative healthcare data, our study design was able to address the impact of prescribed verses nonprescribed BZD use in MAT. With over 3600 patients in the cohort, this study captures a representative sample of all patients initiating outpatient MAT in Ontario. The fact that all patients in the cohort were from 1 network of clinics adds strength to the comparisons made between patients. Additionally, this study used high-quality data and quantitative metrics rather than patient self-report, which is a limitation of other previous studies.
Conversely, because we used retrospective data from the Ontario Drug Benefit plan, our study cohort would not have included patients with privately ensured health benefits. Similarly, due to the nature of administrative health data, we are unable to assess other important qualitative factors. For example, we are unable to assess change in psychosocial function of patients with prescribed BZD use during MAT. Our study has many strengths and limitations that warrant discussion. Further limitations to the health systems data approach include the potential for patients to lose eligibility for public drug coverage over follow-up (eg, as a result of becoming employed). In such cases, patients could appear to have discontinued therapy when they had instead changed coverage from public to private health insurer. However, we do not believe such cases would have a substantial impact on the data because they are likely to be rare in the first year of treatment. As patients with incomplete health system profiles were excluded from analysis, patients accessing services outside the provincial healthcare funding would have fallen outside the scope of analysis (eg, undocumented immigrants). Thus, the generalizability of our results should be taken in context of the limitations outlined above, and we believe further qualitative study is warranted to address the types of clinical benefit a patient will experience while using prescribed BZD during MAT.
CONCLUSIONS
Our findings suggest that prescribed BZD use during MAT does not materially impact a patient's retention in treatment; but using BZD without a prescription does negatively impact treatment retention. The increased use of healthcare resources and lower income among patients prescribed BZD suggest that this patient population has more complex physical and mental health needs and might be expected to have poorer treatment retention than the comparison group. Therefore, the prescribing of BZD to this group may be a portion of a comprehensive approach to treatment which supports improving retention to be similar to those patients who do not require BZD. We urge both the physician and patient to seek alternative clinical options before BZD prescribing due to the potential for developing BZD-dependence, BZD use disorder, and the risks of respiratory depression and overdose when used in combination with opioids.
